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METHODS FOF. MAKING POLYDIORGANOSILOXANE MiCROEMULSIONS 



The present invention relates to stable aqueous microemulsions of polydiorganosiloxane of the oiHn- 
water type and methods for the preparation of the same. This novel method for preparing such mlcroemul- 
sions comprises sequentially adding an emulsion of polydiorganosiloxane precursor at a constant rate to an 
aqueous solution of polymerization catalyst and surfactant to form stable, clear aqueous microemulsions of 
high molecular weight polydiorganosiloxane. 

Emulsions are mixtures of at least two components which are substantially immiscible in each other, 
and a surfactant which lowers interfacial tension between the two phases. A microscopic view of aqueous 
emulsions reveals two phases, an oil phase and a water phase. Depending upon the proportion of each 
component the emulsion can be characterized as an oiHn-water emulsion or a water-in-oil emulsion. The 
chief distinction between the two being which component, the oil or water phase, comprises the continuous 
portion of the emulsion. The noncontinuous phase is in the form of droplets in the other phase. 

Standard emulsions are opaque like milk due to the particle sizes of the droplet phase, and the 
difference in refractive indices between the oil and aqueous phases. Standard emulsions of polydior- 
ganosiloxane are used in the formation of protective coatings and release coatings, as masonry impreg- 
nants, anti-foaming agents, leather treatments, and emollients in cosmetic applications. 

Methods for making standard aqueous emulsions of polydiorganosiloxanes are well known in the art and 
can be separated into two types -mechanical means and emulsion polymerization means. Mechanical 
means typically involve homogenizing a mixture of polydiorganosiloxane, surfactant, and water using milfing 
machinery to obtain the desired droplet sizes. Mechanical methods have limitations. Since mechanical 
methods of formation require physical work, only polydiorganosiloxanes of limited viscosity can be used to 
make standard emulsions. In the case of high viscosity fluids and resins, the fluid or resin must be 
dissolved in a water Immiscible solvent, which is then homogenized with the aqueous phase. Since 
emulsions are employed to avoid using the very solvents used to dissolve the fluids and resins, such 
methods are considered undesirable. 

A mechanical method for making standard, opaque emulsions of polydiorganosiloxane is descnbed in 
U.S. Patent No. 2,755,194 issued to Volkmann, February 7, 1955. The method involves mixing a surfactant 
with polydimethylsiloxane with a viscosity of 350 cs. at 25*C. adding a small amount of water to the 
mixture, mixing in a colloid mill, sequentially adding water and remilfing until the desired amount of water is 
present in the emulsion. This method does not produce clear polydimethylsiloxane oiWn-water microemul- 

^Emulsion polymerization methods for making emulsions of high viscosity polymers involve starting with 
low viscosity polymer precursors, i.e.. monomers, or reactive oligomers, which are immiscible in water, a 
surfactant to stabilize the polymer precursor droplet in water, and a water soluble polymerization catalyst. 
These components are added to water, the mixture is stirred and polymerization is allowed to advance until 
the reaction is complete or the desired degree of polymerization is reached and a standard emulsion of the 

polymer is formed. ti t , 

An example of an emulsion polymerization is taught in U.S. Patent No. 2.891,920 issued to Hyde et a!., 
which shows a method for making aqueous emulsions of polydimethylsiloxane starting with precursor 
molecules of the polydimethylsiloxane. Standard emulsions of polyorganosiloxane and water have a number 
of shortcomings, particularly, their stability to remain emulsions with the passage of time, freeze-thaw 
cycling, and their milky, or opaque appearance. 

Microemulsions are mixtures of oil and water where the particle size of the resulting droplets is small 
enough so the resulting mixture is clear. Because of their clarity microemulsions are distinguishable form 
standard, opaque emulsions. Microemulsions of polydiorganosiloxane and water offer a number of advan- 
tages over standard emulsions. The clarity of the mixtures is advantageous in cosmetic applications, and 
the reduced particle size of the droplets is advantageous where It is necessary to deposit particles in small 
pores, for instance, in leather treatment processes. Microemulsions are also more temperature, dilution, and 
formulation stable than standard emulsions. 

Methods for making microemulsions of polydiorganosiloxane are known in the literature, however, the 
methods for making these have limitations that severely hamper their usefulness. 

U.S. Patent No. 3,433,780 Issued to Cekada (March 18, 1982) teaches a method for making colloidal 
suspensions of silsesquioxanes with the unit formula RSiCV, where R is a hydrocarbon radical. Silsesquiox- 
anes are materials with three Si-0 bonds per silicon. Cekada's method results in particle sizes of 10 to 
1000A, silicone materials content of about 10%. and does not teach how to make polydiorganosiloxane 
microemulsions. 
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This Invention Is a novel method for making stable aqueous microemulsions of high molecular weight 
polydiorganosiloxanes which comprises sequentially adding at an effective rate a standard emulsion 
comprised of polydiorganosiloxane precursor, surfactant, and water (a precursor emulsion) to a polymenza- 
tion catalyst medium while mixing to form a clear, stable aqueous microemulsion of polydiorganosiloxane. 
5 The rate of addition of the aqueous emulsion of precursor is related to the temperature of the catalyst 
solution, in that higher temperatures allow faster rates of addition. 

Anionic, cationic, or nonionic surfactants can be used to stabilize the precursor emulsion and the 
microemulsion produced by the invention. Nonionic surfactants with hydrophific-lipophilic balances (HLB) of 
between about 10 and about 20 are preferred in stabilizing the emulsions of polydiorganosiloxane precursor 
to since the nonionic surfactants are not polymerization catalysts. The use of nonionic surfactants with HLBs 
less than 10 results in hazy microemulsions due to the limited solubility of the surfactant whereas, nonionic 
surfactants with higher HLBs give larger average droplet size microemulsions. 

Catalysts used in typical emulsion polymerization synthesis of polydiorganosiloxane are useful in the 
practice of the invention. 

is Clear microemulsions are produced using the invention method which have average droplet sizes less 
than about 0.15 micron and polydiorganosiloxane contents of up to about 35% by weight The polydior- 
ganosiloxane materials can be polydialkysiloxanes, polydiorganosiloxanes where the organic groups are 
nonalkyl, or mixtures thereof. The polydiorganosiloxanes are of the general formula: 



20 R 

t 

HO-[Si-0] -H 
t x 

R« 

25 

where R denotes methyl, and R' denotes methyl, ethyl, propyl, phenyl, or vinyl. 

It has been found that adding a standard polydiorganosiloxane precursor emulsion at a specifically 
defined rate to a polymerization medium comprised of an effective amount of polymerization catalyst, water, 
and surfactant while mixing surprisingly results in the formation of a microemulsion of polydiorganosiloxane 

30 which is stable with time and which has average droplet sizes less than 0.15 micron. 

Microemulsion droplet sizes are variously defined in the chemical art with an upper limit on the droplet 
size typically being placed somewhere between 0.10 and 0.15 micron to distinguish microemulsions from 
opaque standard emulsions. In general, microemulsions can also be defined by their appearance: 
microemulsions are transparent, or translucent, and do not display the opalescence of standard emulsions. 

35 While microemulsions with average droplet sizes between 0.10 and 0.15 micron display the properties of 
microemulsions, microemulsions with average droplet sizes less than 0.10 micron are preferred for their 
even greater clarity and stability. 

The polymerization reaction employed in the invention involves opening cyclopolysiloxane nngs using 
anionic or cationic catalysts in the presence of water. Anions and cations act as polymerization catalysts for 

40 these reactions by opening the cyclopolysiloxane rings to form linear siioxane oligomers with terminal 
hydroxy groups. The oligomers react with other oligomers through condensation reactions to form polydior- 
ganosiloxane. Surfactants are used to stabilize the polydiorganosiloxane in the form of small sized droplets. 

Polydiorganosiloxane precursors which can be used in the practice of the invention include the cyclic 
siloxanes which are relatively insoluble in water and which can be polymerized using emulsion polymerize- 

45 tion techniques. The preferred cyclic siloxanes are of the general formula: 



R» 
i 

[-si-o-] n 

R 

where R and R' denote methyl, ethyl, propyl, vinyl, allyl, or phenyl; n is 3, 4, 5, or 6. The cyclic precursors 
can be pure species such as octamethylcyclotetrasiloxane, hexamethylcyclotrisiloxane, decamethyl- 
cyclopentasiloxane, tetramethyltetravlnylcyclotetrasiloxane, tetramethyltetraphenylcyclotetrasiloxane, and the 
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microemulsion is not limited to any specific method. Preferably, the surfactant is present in sufficient 
quantities in the polymerization medium prior to the addition of the precursor emulsion. However the 
surfactant could be present in the precursor emulsion in sufficient quantities to stabilize the microemulsion 
produced in the polymerization medium by the addition of the precursor emulsion. Alternatively, the 
surfactant could be supplied to the polymerization medium concurrent with the addition of the precursor 
smulsion 

When nonionic surfactants are used to stabilize the precursor emulsion smaller average droplet sizes 
are obtained in the microemulsion than when an equivalent amount of anionic or cationic surfactant is used 
to stabilize the precursor emulsion. For instance, a microemulsion made by the method of the invention, 
where an anionic catalyst was used in the polymerization medium and dodecylbenzenesulfonic acid - 
(DBSA) was used as as the surfactant in the precursor emulsion, had an average droplet size of 0.045 
micron. A microemulsion made by the same method, except that the nonionic surfactant Tergltol* TMN10 
was used to stabilize the precursor emulsion, had an average droplet size of 0.030 micron. 

Nonionic surfactants do not catalyze the polymerization of polydiorganosiloxane precursor used in the 
invention. Even at room temperature, the nonsalt forms of anionic and cationic surfactants catalyze the 
polymerization of these materials so that extended storage of precursor emulsions containing anionic or 
cationic surfactants results in the premature polymerization of the precursor and formation of standard 
cloudy emulsions of polydiorganosiloxane. While the Invention can be practiced using anionic and cationic 
surfactants to stabilize the precursor emulsion, the use of nonionic surfactants is preferred. 

The total polydiorganosiloxane content of the clear microemuisions which can be produced by tne 
method of the present application ranges from 10 to about 35 weight percent Lower polydiorganosiloxane 
content emulsions can be prepared, but the higher content microemuisions are generally preferred. The 
polydiorganosiloxane contents of the microemuisions made by the invention are significantly higher than 
those achieved by mechanical means. 

It is believed that the emulsion addition method of the invention achieves the advantageous results 
because the method maintains a tow concentration of unreacted polydiorganosiloxane precursor droplets in 
the polymerization medium. Theoretically, polymerization is initiated at the surface of the unreacted 
polydiorganosiloxane precursor droplets. Once the cyclic precursor molecule is opened, the resulting 
reactive oligomer is more soluble in the aqueous phase than the oil phase, and migrates to the aqueous 
phase where it is more likely to react in the aqueous phase with other reactive oligomers. As the 
concentration of reactive oligomers in the aqueous phase increases micelle formation occurs. The micelle 
forms by association of the reactive oligomer and the surfactant molecules. Polymerization on the surface of 
the particles rather than polydiorganosiloxane precursor droplets is favored by maintaining low concentra- 
tions of unreacted polydiorganosiloxane precursor droplets in the polymerization medium. 

In order to form stable aqueous microemuisions. it is important to keep the concentration of unreacted 
polydiorganosiloxane precursor droplets tow, and to provide a means by which the unreacted droplets can 
be reacted, solubilized, and dispersed into the aqueous phase of the catalyst solution quickly. These twin 
goals are accomplished by slowly adding a standard precursor emulsion to a heated polymerization 
medium. The polydiorganosiloxane precursor droplets provide relatively high surface area to volume ratios. 
This high ratio provides more polymerization initiation sites, and Increases the area available for solubiliza- 
tion and dispersion of the reactive molecules. The slow addition rate of the precursor emulsion insures 
lower polydiorganosiloxane droplet concentrations. This proposed mechanism is not intended to limit the 
scope of the invention. 

The temperature of the polymerization medium, the rate of polymerization, and the rate of addition of 
the precursor emulsion to the polymerization medium are interrelated in the practice of the invention to 
produce clear microemuisions. Higher rates of polymerization allow fester rates of addition of the precursor 
emulsion. Elevating the temperature of the polymerization medium increases the rate of polymenzation. and 
allows the precursor to be added to the polymerization medium more quickly. Low polymerization medium 
temperatures require slower rates of addition. 
. The precursor emulsion should be added to the polymerization medium in a continuous fashion over a 
period of time. However, the addition can be accomplished by adding a series of small portions of the 
precursor emulsion to the polymerization medium as long as the serial additions maintain a tow concentra- 
tion of polydiorganosiloxane precursor droplets in the polymerization medium. The rate of addition can vary 
during the addition step. 
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EXAMPLE 3 

This example illustrates the invention method using DBSA as a surfactant, and as a polymerization 
catalyst for octamethylcyclotetrasiloxane. «- amaH »»i 
s Precursor Emulsion A was prepared by homogenizing a mixture comprised of 40 g. of octamethyl- 
cyclotetrasiloxane, 3 g. of dodecylbenzenesuKonic acid (DBSA), and 57 g. of water. A polymenzabon 
medium of 13 g DBSA and 87 g. water was heated to 85"C. Emulsion A was sequentially added at a rate 
of 1 g. per minute to the polymerization medium over 1.67 hours while mixing to form a dear microemul- 

to ^Samples of the clear microemulsion were taken after the addition of precursor Emulsion A was 
completed. The catalyst was neutralized using a dilute NaOH solution and average droplet s.ze and 
molecular weight were measured. Average droplet sizes were stable, and ranged from 0.030 micron at 0 
hours after the addition was completed, to 0.045 micron 4 hours after the addition was completed No 
change in average droplet size, or appearance of the microemulsion was observed in the neutralized 

is sam P]J- mo|ecu|ar weight of ^ polydiorganosiloxane of the final sample was measured. The polydior- 
ganosiloxane had a number average molecular weight of 42.000. and a weight average molecular weight of 
125.000. 
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EXAMPLE 4 

This example demonstrates the invention using lower concentrations of the surfactant/catalyst. DBSA. in 

the polymerization medium. 

The same method of adding the precursor emulsion was used as in Example 3. 100 g. of the precursor 
Emulsion A were added to a polymerization medium comprised of 13.5 g. DBSA and 130.5 g. water while 
mixing at 85°C over a 1 .67 hours. The addition was done at a continuous, steady rate of about 1 g. per 
minute. Samples from the stirred mixture were removed, the polymerization catalyst was neufraliz^wtth 
dilute NaOH, and average droplet size was measured. Average droplet sizes ranged from 0.072 to 0.091 
micron for samples taken 0 to 4 hours after the addition was completed. Average droplet sizes were stable 
after neutralization of the catalyst 
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TABLE 1 

Effect of Surfactant to Polydiorganosiloxane Wt. Ratio 

on Droplet size 

B % 

40 A % Organo- Average Droplet Size at 

Example Surfactant Siloxane A/B 0.0 hour 2.0 hour Pinal 

3 8.0 20.0 .40 0.036 0.045 0.045 

45 4 6.0 20.0 .30 0.082 0.091 0.091 



EXAMPLE 5 

This example illustrates the results of a "typical emulsion polymerization.- It demonstrates the 
importance of the rate of addition of the precursor emulsion to the polymerization medium, and also 
demonstrates the effect of solution temperature on the resulting average droplet size of the microemulsion. 

100 g of precursor Emulsion A were poured into 150 g. of the DBSA/water polymerization medium, as 
used in Example 3, at room temperature. The mixture was stirred, heated to 85°C, and polymerization was 
allowed to proceed for 3 hours. The resulting average droplet size ranged from 0.143 micron at 0 hours to 
0.134 micron at 3 hours. The final average droplet size was 0.153 micron which was obtained 20 hours after 
the addition was completed. 
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TABLE 2 

Comparison of Emulsion Addition to" standard Polymerization 

!' 85 ° C °-° 30 0.045 0.045 

5 85«C 0.143 0.124 0.126 0.153 

55 ° C °- 210 0.190 0.160 0.139 

-b room temp. ^ ^ 

period in Exampte 3.V&am ptes ^^^^ f ^ Curs0f OTUtei °" was over a 1.67 hour 

solution, and then heated to ^^6^^^^^^ ^ into ^ 

01 Example 3 vs. Exampte 5 o^eZZfL^ *" ^ 

polymerization medium. rssurc or sequentially adding the precursor emulsion to the 
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cJeTsTretH^ has on the averaoe 

addition were the sameTTE^TSeT »° "*> of 
70-C rather than 85«C as in ExanSa LTSTZl ^L^T* * *™ medium was 

the polymerization ^^1'^ 1??^ ^ pfeCUr8or emubion *- «*tod to 

droptet size of 0.1 1 mi«on^s obtoS aSutTdT'^ ^ ^ ^ "ours. The final average 

reported in Table 3. about 1 day after the addmon step was completed. Results are 

TABLE 3 

Effect of Polymerization Medium Temperature 
on Droplet Size 

Droplet Size at 
HQ zTTTK 3T 



Time 


Temp. 


0.0 h 


1.67 


85° 


0.030 


60 2.10 


70° 


0.083 


2.10 


55° 


0.146 



3 »3 h 4.0 h Final 
0.036 0.045 0.045 



0.086 o.084 

0.104 0.104 



0.115 
0.111 



The surfactant to polydiorganosiloxane weight ratio was 0.40 for all samples in the table. 
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EXAMPLE 7 

This example demonstrates that high solids content microemulsions could be made by the invention 

method. , L t . 

6 The same materials and methods were used as in Example 3, however, the precursor emulsion 
comprised 86.5 g. of water, 60 g. of octamethylcyclotetrasiloxane. and 4.5 g. DBSA. The polymerization 
medium comprised 70.5 g. water and 19.5 g. DBSA. The high poiydiorganosiloxane content (25 wt%), clear 
microemulsion had average droplet sizes of 0.045 micron after the addition of precursor emulsion was 
completed. Average droplet size was 0.049 micron 3.5 hours after addition. The final average droplet size 

10 was obtained one day after the emulsion addition had been completed was 0.048 micron. 

A higher poiydiorganosiloxane content microemulsion was made. 250 g. of precursor emulsion compris- 
ing of 142.5 g. water. 100 g. octamethyltetrasiloxane, and 7.5 g. DBSA were sequentially added at a 
continuous and constant rate of 1 25 g/minute to a polymerization medium comprised of 35J5 g. DBSA, and 
50.5 g. water, at 85°C over two hours. The mixture was stirred constantly during the addition. Droplet sizes 

75 ranged from 0.096 micron immediately after adding the precursor emulsion to 0.103 micron one day after 
the addition. The final dear microemulsion was pourable, although viscous. The total poiydiorganosiloxane 
content of the final clear microemulsion was 30 wt %. 



TABLE 4 

The Effect of Total Poiydiorganosiloxane 
Contents on Droplet Size 





% 




Droplet Size at 




Final 


Example 
3 


Si 
20 


0 hr. 


1.0 hr. 


2.3 3.5 


4.0 


0.030 






0.045 


0.045 


7 


25 


0.045 


0.044 


0.047 0.049 




0.048 


7 


30 


0.096 


0.096 


0.104 0.099 




0.103 



All the microemulsions in the table had surfactant to poiydiorganosiloxane ratios of 0.40 by weight 



E&ME!£fi 

a) Clear microemulsions were obtained using a cationic surfactant rather than the anionic surfactant 
used in the previous examples. A precursor emulsion comprised of 240 g. of water. 240 g. of cycloaloxane 

40 precursor, and 68 g. of tallowtrimethylammonlum chloride (Arquad® T27W) was made. 125 g. of this 
precursor emulsion were slowly added over a two hour period to a polymerization medium at 85°C 
comprised of 60 g. Arquad® T27W, 65 g. water and 1 1 g. of a dilute NaOH solution. 
The polymerization was continued for 37 hours while the mixture was stirred. Samples were removed 
periodically, and the catalyst was neutralized with acid. Average droplet sizes were 0.028 micron imme- 

45 diately after addition and 0.066 micron about four hours after addition. The final droplet size of 0.12 micron 
was obtained 33 hours after the emulsion addition step was completed. The final number average molecular 
weight of the poiydiorganosiloxane in the droplets was greater than 32,000. 

b) 3.2 g. of the 20% NaOH catalyst were used rather than 11 g. as in 8a. The average droplet size 
was 0.035 micron immediately after addition, and 0.065 micron after ten hours. The final stable droplet size 
of the unneutralized sample was 0.133 micron which was obtained 1 day after the addition of the precursor 
emulsion was completed. 
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TABLE 5 

Comparative Results Using Anionic and Cationic Surfactants 

5 Precursor Droplet Size at 

Surfactant Example u nours lTT; 3%* 9 — Final 

Arquad® T27W 8a 0.028 0.037 "~ 0.049 0."o66 o7l40 

ro Arquad®T27 W 8b 0.022 0.035 0.047 0.065 0.133 



rs 



20 



25 



30 



DBSA 3 0.033 



0.045 0.045 



All microemulsion in this table had 8 wt % surfactant concentration anri pn wt ™k.,t 
concentration. The surfactant concentration in the pSSS^SS^X' 

EXAMPLE g 

This example illustrates that the method of the invention can be used emmm/i™ = 
surfactants to stabilize the precursor emulsion. can oe used emptoy.ng a variety of nonionic 

a) A precursor emulsion comprised of 200 g. octamethyteyctotetrasiloxane 15 o 2 6 8 trim^L^ 
nonytoxypolyethylene oxyethanol (TergtoW TMN6), and 285 g ^^m^T'i^ n t L ^ 
emulsion were added over two hours at a steady J^Ts "^T* 

AOOing the surfactant octylphenoxypolyethoxy ethanol (40 EO) (Triton* X405) to the unneutral 
sample produced microemulsions with an average droplet size of 0.033 microrT ""neutrahzed final 

man T^^rS^dZS^f^^ 0 ^ fTef9rt0lW ™ N10 > 

c) Alkyler^eoxypolyethylerie^xyethanol (C 11-15 secondary alcohol 9 po\ nv>r«i+r,i» ic_e^» 
used instead of Tergitol* TMN6. Average drop* size rar^Z O^K^liTeS ! aSr^doZ 
of precursor emulsion, to 0.033 micron to 0.033 micron four hours after edoSoT * 

JMyler^xypolyethyler^xyethanol (C 11-15 secondary alcohol. 15 EO) (Tergitol* 15-S-15) was 
used as the nonwntc surfactant rather than TergftoW TMN6. Average droplet sizes me^L 

sssar * 0032 mfcron ^»^™£^tz c z 



40 



TABLE 6 

Nonionic Surfactants Used in Precursor Emulsion 

Droplet Size at 

Add - Time OiSJSSi 1.5 hr. 3.0 hr. 4.0 hr. Final Triton® 
Example 9a 2.0 0.039 0.043 0.042 0.042 oT^I "oTolT 
Example 9b 2.0 0.028 0.029 0.030 0.029 0.026 0.029 

^ Example 9c 1.5 0 .031 0.032 0.032 0.033 0.034 

Example 9d 1.5 0.031 0.032 0.032 0.033 0 034 
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All examples used 3.0 wt % of the nonionic surfactant to stabilize the precursor emulsion. The 
polydiorganosiloxane content In the mlcroemulsions was 20 wt %, and the total surfactant concentration in 
the microemulsions was 8 wt %. 



EXAMPLE 10 

This example illustrates the effect of the total surfactant concentration on the average droplet size of the 
microemulsions. 

a) A precursor emulsion comprised of 200 g. octamethylcyclotetra^loxane, 10 g. surfactant (Tergitol® 
TMN10). and 290 g. water was made. 150 g. of this precursor emulsion were slowly added over a two hour 
period to a polymerization medium comprised of 15 g. of DBSA, and 135 g. of water while stirring at 85°C. 
Initially, the resulting mixture was viscous. After several hours the average droplet size in the microemulsion 
was about 0.03 micron. 

b) A lower level of DBSA catalyst/surfactant was employed; 10 g. of DBSA were present in the 
polymerization medium rather than 15 g. Initially after the addition was complete, the stirred mixture was 
geWike. Upon further polymerization, the viscosity dropped and the microemulsion became clear. Droplet 
size ranged from 0.10 micron immediately after addition to 0.082 micron 4 hours after addition. The 
microemulsion appeared hazy due to the limited solubility of the nonionic surfactant. This haziness was 
removed by the addition of Triton^ X405 to the microemulsion. 

c) A precursor emulsion was made comprising 200 g. cyclopolysiloxane, 290 g. water, and 10 g. of 
octylphenoxypolyethoxy ethanol (40 EO) (Triton* X405). This surfactant has an HLB value of about 18. 150 
g. of this precursor emulsion were slowly added at 85°C to a polymerization medium comprised of 15 g. 
DBSA, and 135 g. water while mixing. The addition of the precursor emulsion took 2 hours to complete. 
Polymerization was allowed to proceed for four hours. Samples taken from the mixture had average droplet 
sizes ranging from 0.031 to 0.036 micron. After the clear microemulsion had been left overnight the average 
droplet size was 0.035 micron. 

d) This example illustrates that higher catalyst concentrations are required when high HLB value 
nonionic surfactants are used to stabilize the precursor emulsion. A lower concentration of DBSA was used 
In the polymerization medium than in Example 10c. 10 g. rather than 15 g. Droplet sizes of neutralized 
samples ranged from 0.12 to 0.13 micron. The final droplet size of the microemulsion was 0.13 micron 
which was obtained 1 day after the addition. 

TABLE 7 

Effects of Low Concentrations of Nonionic and DBSA Surfactant 







Droplet Size 


at 




Example 


% DBSA 


0 hr. 


1 hr. 


3 hr. 


Pinal 


10a 


5.0 


0.091 


0.030 


0.034 


0.035 


10b 


3.0 


0.233 


0.100 


0.090 


0.082 


10c 


5.0 


0.031 


0.030 


0.031 


0.036 


lOd 


3.0 


0.120 


0.121 


0.125 


0.129 



All of the microemulsions contained 1% nonionic surfactant by weight in the final microemulsion, the 
indicated wt % of DBSA, and 20 wt % polydiorganosiloxane. It can be seen that very high quality 
microemulsions can be made with as little as 4 wt % surfactant and surfactant to polydiorganosiloxane 
ratios of about 0.20. 
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TO 



15 



20 



T , at 85 c temperature. A dear microemulsion was formed After a* ho.,~ 

droptet size was 0.042 micron rormea. ATter as hours the average 

**«*•«. 0.075 -n» 

centimeter sample. WDei 0041,0 156 through a one 



Claims 



a polymerization medium comprised of w^^Tan J?^^^ 0 * 3 " 6, Surtactant - ^ water to 
mixing wherein the rate TSSkm oTE ^^^^^^^Pofymerization catalyst while 
miooemuision which has pSyd^st^ SSeTof Z^L n ifS*" to *™ * *able 
contains a surfactant to po^iorga^aTw^S of^TsTs ^ -nd 

' ourin^ l^^t 9 ^'^^^^ «— - at least 50-C 

micron in size ^ "* ** P^ dio ^anos,toxane droplets are toss than 0.10 

3. A method according to claim I. wherein the surfactant used in the r™r,,r*~ ^..^ • 
surfactant chosen from the group of surfactants ^^^17JZ^^11^ TOn,onic 

5. A method according to claim I wherein the catalyst used in the polymerization medium is -s*^ 
from the group consisting of mineral acids, alkali metal hvdr 0 Mrt«r S8tected 
ammonium hydroxides. nydroxides. sulfonic acids, and quaternary 

MpLLT^^Zll^ \T y * m *» P<*""*-»» medium is an 

7. A method accord ng to claim 5 where m» ca»ah«t ;„ »- r w " «"»«"• 
catalyst of the tetraalkylammonium TtyL^hTre^ S^l J? t***™" 2 ** 0 " medium « a catforric 
long and the other a^l groups are ^^Tca^al^ ^*««"<»«™«<™ 

tomethoxyvinylsilan.. ^^^^ 

0. The m.croemulsion made by the method of claim 1. Y ^ ane " 
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10. A microemulsion of polydiorganosiloxane droplets in water wherein the number average molecular 
weight of the polydiorganosiloxane is greater than 20.000. which microemulsion comprises; 
10 to 35 weight percent polydiorganosiloxane wherein the average droplet size is less than 0.10 micron; 
2 to 18 weight percent surfactant and catalyst; and. 
60 to 90 weight percent water. 
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